One hundred proven cases of cerebral cysticercosis were studied with an enzyme linked immunoassay (ELISA) employing cyst fluid as antigen, with a view to detecting specific antibodies in serum and cerebrospinal fluid (CSF). Antibody levels were correlated with the clinical presentation of the patients, the type and number of cysts detected on their brain scans, the anatomical position of these cysts and the presence of lymphocytes in the CSF. Patients could be divided into two distinct categories, one with low levels of antibody in the serum and absent antibody in the CSF, and the other with high levels in both the serum and the CSF. This differentiation matched the clinical presentation of a benign and a malignant group. Antibody levels could not be related to the type of cysts as observed on the brain scan, but depended on the anatomical position of the cyst, being lower if the cysts were confined to the cerebral cortex. A correlation of antibody levels with the number of cysts was only found in the benign group.
Human cysticercosis is caused by the metacestode stage of Taenia solium (T solium). It is the most common parastic disease affecting the central nervous system, and represents a major health problem in South Africa where there is a high prevalence of this disease in the rural black population."2 Although the introduction of computed tomography (CT) has increased the diagnostic accuracy of neurocysticercosis,3 serological confirmation is often required to exclude other infective, non-infective or neoplastic lesions of the central nervous system. A reliable and specific serological test for the detection of antibodies in cysticercosis would therefore be of great value in supporting the radiological diagnosis, particularly where advanced imaging techiques are not available. Although a variety of serological tests for cysticercosis have been described'' most of these have been performed with somatic antigen which appears to lack specificity due to the presence of components reacting against antibodies produced in other helminthic infections.67 The use of purified antigen in an enzyme linked immunoassay (ELISA) has considerably increased diagnostic specificity.
However, both the complexity of the purification process and the loss of sensitivity inherent to the use of purified antigen makes this method unsuitable for large scale diagnosis. 8 In this study an antigen derived from the fluid of T solium was employed in an ELISA which detected significant antibody levels in most serum samples from patients with radiologically proven cysticercosis. It has generally been thought that because of the central nervous system (CNS) distribution of T solium, antibodies would be observed in high titre in cerebrospinal fluid (CSF) from patients with this disease. This study compared antibody titres in the serum and CSF from 100 proven cases of cysticercosis. In addition these antibody titres were related to various other CNS features such as the number, position and stage of development of the cysts; and the lymphocytosis observed in the CSF of many of these cases.
Materials and methods Patients
One hundred patients with neurocysticercosis were included in the study. Of these, 30 were diagnosed as having the malignant form of the disease and the remaining 70 were classified as belonging to the benign group. The diagnostic features used to define these two are presented in table 1. Evidence of extra-cerebral calcified cysts could be detected in only two patients on general and radiological examinations. All patients were male between the ages 18-45 and were admitted to one hospital and examined radiologically. Their sera and CSF were submitted for laboratory analysis. None of these patients were under any steroid treatment at the time blood was drawn for these studies.
The malignant group consisted of patients with complex neurological illnesses as listed in table 2. This table also indicates the number of patients used per major diagnostic feature in addition to demonstrating other complex neurological features. Radiological investigations of this group showed the presence of cysts either at the base of the brain or in the major cisterns or within the ventricular system. All of these patients had pleocytosis in the CSF associated with an increased protein in the majority of cases and a decreased sugar content. All had a prolonged illness, frequently resulting in neurological disability. Twenty five of these patients required surgery as a corrective procedure. From the remaining five, two died before operation and two refused surgical treatment. The benign group consisted of 70 patients of whom 58 presented with epilepsy only, the majority having grand mal seizures. In this group cysts on radiological investigation were found to lie within the brain parenchyma or the convexity leptomeninges and could easily be quantitated. Pleocytosis was not detected in CSF samples and these patients had no neurological disability-their epilepsy being easily controlled with appropriate medication. A further 12 patients included in this benign group were diagnosed incidentally as having cerebral cysticercosis when cysts were observed in brain scans performed for reasons other than cysticercosis. Of these 12 patients, 11 were investigated because of recent head injuries, and the remaining patient presented with a fluctuating visual scotoma due to a single cysticercal cyst in the vitreous.
Sera and CSF were obtained from patients who had given their informed consent previously. (10) and Toxocara canis (12) . The diagnoses of these patients were confirmed by clinical, parasitological and serological data. Classification and quantitation of cysts on radiological examination The position and the number of cysts were easily determined on brain scan as described by Farrell.9 Four stages of cyst development could be identified. Vesicular cysts appeared as non-enhancing lucencies in the substance or over the surface of the brain. The later stage colloidal cysts showed ring enhancement with contrast media cysts whereas the granular-nodular cyst were smaller lesions, which enhanced in a homogeneous manner. The most advanced nodular calcified cysts were identfied as calcified foci without any enhancement.
Controls
Preparation of antigen Pigs naturally infected with cysticercosis were supplied by the Johannesburg abattoir. Cysts of approximate diameter 10 x 12 mm which had a clear fresh appearance were excised from either tongue or chest wall muscles and washed twice in saline after which cyst fluid was collected using a tuberculin syringe. The protein concentration in the fluid was estimated and standardised at a level of 20 mg/ml of protein using sterile saline. Cyst fluid was pooled and stored at -70°C until utilised in the ELISA.
Enzyme-linked immunosorbent assay (ELISA)
The fig 1) . Of the 50 patients with known infections by tissue invasive parasites other than T solium, sera Zini, Farrell from all but two demonstrated readings of less than 0-1 ( fig 1B) . trast, sera from all the patients with malignant cysticercosis demonstrated raised antibody levels (mean OD 1.050) ( fig IE) .
When CSF from patients with cysticercosis was used in the ELISA, marked differentiation between the two groups of patients was evident ( fig ID and E-shaded) . The CSF from patients with malignant cysticercosis had significantly elevated levels of antibodies (mean 1-10) (fig IE) . In contrast, CSF from patients with the benign form of cysticercosis provided low levels of antibody to cysticercal antigens ( fig ID) . In this group of patients, however, CSF from four individuals demonstrated OD levels greater than 0-1 (mean 0-185, range 0-15-0 22).
Correlation of lymphocyte count and antibody levels CSF pleocytosis was only observed in the group of patients with malignant cysticercosis (results not shown). Within this group no correlation could be detected between the actual lymphocyte count in the CSF and the antibody levels in either the serum or the CSF. Whereas some patients with high lymphocyte CSF counts had low CSF or serum antibody titres, other patients had high antibody levels. Similarly some patients with low lymphocyte counts had high antibody levels, whereas others had low levels in both the serum and the CSF.
Correlation of antibody levels in sera and CSF The levels of antibody in the serum of patients with malignant cysticercosis correlated with antibody levels of the CSF of these individuals (fig 2, Pearson's correlation coefficient: 0-8242; p < 0-0001). However, no correlation in antibody levels between the serum and CSF of patients with benign cysticercosis was found. A number of these patients demonstrated raised serum antibody levels with low antibody titres in their CSF.
Serum and CSF antibody levels in patients with different types of cysts detected by brain scan Upon brain scanning 100 patients, 36 individuals were seen to have calcified cysts, 27 had active cysts (12 colloidal and 15 vesicular) and the remaining 37 had mixed cysts. When the levels of anti-cysticercal antibodies in the serum and CSF of these patients were assessed, no relationship between the antibody level and the type of cyst could be determined. Furthermore, raised antibody levels in CSF and serum seen in patients with malignant cysticercosis, was independent of the type of cysts observed. Similarly, the low antibody titres observed in the benign group were related to the type of cysts.
Antibody levels related to the number of cysts When the number of cysts were counted on brain scans from patients with malignant cysticercosis and the cyst counts compared to serum antibody titres, no correlation was observed (fig 3) . However, when the same comparisons were made using the benign group, a signficant correlation between the 
with echinococcus infection and in one with a toxocara infection. Since cyst fluid contains the metabolic products of the organism, it was employed in this study to provide high specificity for the ELISA. Other workers have also demonstrated highly specific results when similar products from other parasites were used in ELISA. 4 Furthermore, the use of cyst fluid in ELISA has also recently been documented to provide reliable serological data for the diagnosis of cysticercosis5 16 and also indicate greater specificity when compared to studies using whole cysticercal antigen preparations. 16 An interesting feature of this study was the observation that a number of rural patients with non-parasitic disease nevertheless had positive antibody levels as demonstrated by the ELISA for cysticercosis. This presumably indicates a subclinical form of infection common in Africa. It was interesting that 12 patients in the benign group were detected purely incidentally while being investigated for other problems. As expected, urban dwellers had very low levels of cysticercus antibody.
This study also examined whether lymphocyte counts in the CSF had any relationship with antibody levels in the serum or CSF. The results indicate the absence of any relationhsip between lymphocyte counts and serum or CSF antibody levels in patients with malignant cysticercosis. It is unclear why some patients with the malignant disease who have high lymphocyte counts had minimal antibody levels whereas others with low lymphocyte counts showed high serum or CSF antibody levels. Presumably the lymphocyte response reflects local pathology and the presence of meningitis rather than changes in the specific immune response. In addition, our study also found that all the patients with the benign form of the disease lacked both significant numbers of lymphocytes (results not shown) and lower antibody levels in the CSF.
The results of antibody levels in the CSF are comparable to those described in a recent study from Mexico."1 Patients with malignant cerebral cysticercosis were shown to have correspondingly high levels of antibodies both in the serum and the CSF, and the higher the levels in the serum, the greater the antibody titres in the CSF. In contrast, patients with the benign form of cysticercosis had detectable antibodies only in the serum, and these were generally at a lower titre than those of the patients with malignant cysticercosis. The reason for the relatively low antibody titres in patients with benign cysticercosis is unclear but Corona et al" suggested that patients with malignant cerebral cysticercosis have a much more marked humoral response than those with a benign course.
It has been suggested that the serological response in cysticercosis may depend upon the stage of development of the cyst.7 This study, however, demonstrates that cyst development as observed on brain scan was not related to antibody levels. Some patients who had calcified cysts showed high antibody titres, while other patients with low antibody levels showed the presence of either active or calcified cysts. Rather antibody levels appeared to be related to the clinical differentiation of cysticercosis. Raised antibody levels were related to malignant cysticercosis and low antibody levels seen in the benign group of cysticercosis.
In the malignant cysticercosis group, not only was there no relationship between antibody levels and stage of cyst development, but the number of cysts observed on brain scan did not influence the humoral response. Some patients with very few brain cysts had in some instances very high antibody levels (fig 3) . Antibody levels, however, appeared to be correlated to the number of cysts observed on brain scans of benign cysticercosis patients (correlation coefficient 0358). Cerebral cysticercosis forms only part of a much more generalised disease with multiple organ involvement and it is not altogether surprising therefore that antibody levels do not always relate to the number of cerebral cysts.
A further aspect of this study investigated the relationship of antibody levels to the position ofthe cysts in the brain. Most patients with the benign form of the disease had cysts located in the brain cortex and these were generally associated with a poor humoral response (fig 4) . Patients with lesions in the brain stem, the ventricles or cisterns, however, had the highest antibody levels and these were usually patients with the malignant form of the disease (fig 4) . Although the reason for the high antibody response in patients with cysts in certain anatomic regions is unclear, it is possible that these sites may represent areas where the blood-brain barrier is not intact and the lymphocytes may have access to the brain.17 Oncospheres reach the brain via the blood circulation and in the case of the cerebral hemispheres this is such that the oncospheres tend to lodge at the junction of the grey and the white matter. At this site they are distant from the meninges and the CSF and little immunological response is evoked. If the cysts, however, lodge in close proximity to the ventricular system or meninges, a more intense immune reaction associated with pleocytosis results, and these patients follow a more aggressive clinical course.
These studies indicate that ELISA can be used effectively to differentiate between benign and malignant cysticercosis. Significant correlation exists between antibody levels found in the sera and CSF of patients with malignant cysticercosis whilst antibody levels are related to the number of cysts in the benign group only. Furthermore, antibody levels appear to be related to the anatomical position of cysts but are not related to lymphocyte counts in the CSF or the type of cysts seen on brain scans.
